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ABSTRACT

The many advantages of renewable energies—especially wind—such
as abundance, permanence, and lack of pollution, have encouraged
many industrialized and developing countries to focus more on these
clean sources of energy. The purpose of this study is to prioritize and
rank 13 cities of the Fars province in Iran in terms of their suitability
for the construction of a wind farm. Six important criteria are used to
prioritize and rank these cities. Among these, wind power density—
the most important criterion—was calculated by obtaining the three-
hourly wind speed data at the height of 10 m above ground level
related to the time period between 2004 and 2013 and then
extrapolating these data to acquire wind speed related to the height
of 40 m. The Data Envelopment Analysis (DEA) method was used for
prioritizing and ranking the cities, after which Analytical Hierarchy
Process (AHP) and Fuzzy Technique for Order of Preference by
Similarity to Ideal Solution (FTOPSIS) methods were used to assess the
validity of the results. According to the results obtained from these
three methods, the city of Izadkhast is recommended as the best
location for the construction of a wind farm.

Keywords: Wind Farm; Prioritizing; Optimization; Fars Province; Data Envelopment Analysis (DEA).

1. Introduction

economically viable [1] and to be viewed
favourably by all experts on this subject.

Nowadays, ozone depletion, increasing global
average temperature, climate change,
different types of pollution, and high
dependence on fossil fuels are some the major
issues facing humanity. It is obvious that
sources of coal, oil, and gas will eventually
dry up in the foreseeable future. Thus, the
increased use of clean and renewable energies
is one of the measures that many developed
countries have taken in recent decades to
tackle these problems to some extent. The
development of renewable energy technology
and its accompanying benefits—such as
reduced  pollution, abundance, and
permanence—have caused this type of
energy, especially wind energy, to become
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Wind, like other renewable energy sources, is
geographically widespread and is almost
always available; however, it is also dispersed
and decentralized and has a fluctuating and
intermittent nature [2].

Hence, it is obviously necessary to perform
extensive research on this type of energy
sources. In this paper, we aim to prioritize and
rank the cities of the Fars province in terms of
their suitability for the construction of a wind
farm. All factors influencing the issue must be
considered for minimizing the costs and
choosing the right location. Therefore, after
conducting some initial research about wind
energy and the factors influencing it, six
criteria—wind  conditions, topographical
conditions, population, and distance from
distribution grid, land price, and probability
of natural disasters—were selected as
effective factors [3-5].
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The criterion of the probability of natural
disasters itself includes three sub-criteria—
namely floods, earthquakes, and dust storms,
the probability of which must be calculated
using long-term data. Wind power—the most
important criterion in this study—is
calculated by Weibull distribution function
and three-hourly wind speed data related to
the height of 10 m above ground level,
recorded in the time period between 2004 and
2013 and collected from the national
meteorological organization. This data is
related to the height of 10 m above ground
level; thus, the wind speed at the height of 40
m above ground level will be calculated by
extrapolation. We will use aerial photographs
and expert suggestions to calculate and obtain
proper values for the criteria of topographical
conditions and distance from distribution grid.
Suitable topographical conditions for the
construction of wind farm include flat and
smooth land surfaces where there are no tree
cover, mountains, hills, or tall buildings.
These areas must also be within a 7.5 km
radius, because meteorological data are only
valid within this limit [5].

To calculate the criterion of distance from
distribution grid, 20 sites that are considered
suitable in terms of topography will be
selected and then the average distance
between these sites and the centre of the city
(since the distribution grids are usually
located in the centre of the city) will be
calculated. The statistics gathered from the
Statistical Centre of Iran will be used for the
population criterion. To determine the land
price criterion, we will follow the advice of
the experts in this field in different cities of
the Fars province. After the calculation of
values representing each criterion, the DEA
model will be used to rank and prioritize the
cities. The DEA method assumes that
decision-making units (DMUs) employ the
same inputs to produce similar outputs [6, 7].
This method uses the ratio of the sum of
weighted outputs to the sum of weighted
inputs; its objective is to maximize the
relative efficiency score of each unit by
changing the weights of outputs and inputs.
One of the applications of this method is the
ranking and prioritization of units that do
similar tasks. After the implementation of the
DEA model, DMUs will be ranked according
to their efficiency score, which means that
DMUs with higher efficiency score will be
ranked higher. If more than one DMU acquire
a full efficiency score (maximum efficiency
score is 1), then they cannot be compared by

this score alone; they will have to be
reassessed by Andersen—Petersen model (also
called AP model) because in this model,
efficiency scores can have values greater than
1. In this study, three criteria of wind
conditions, topographical conditions, and
population are considered as the DEA model
outputs, while three criteria of distance from
distribution grid, land price, and probability
of natural disasters are considered as the DEA
model inputs. Once cities are ranked by the
DEA model, two techniques of AHP and
FTOPSIS will be used to assess the validity
of the results by comparing the results of
these three methods. The AHP method
consists of three important steps [8]: 1.
Creating a hierarchical structure; 2. Creating
pairwise comparison matrix for criteria and
options; and 3. Performing the necessary
calculations to determine the final weights
and ranking of the options. The first step in
the FTOPSIS method is to assign verbal
variables to each of the problem criteria and
then to acquire their equivalent fuzzy
numbers [9]. After performing the necessary
mathematical calculations, the next step is to
determine the positive and negative ideal
solutions and finally to obtain the closeness
coefficient [10]. The best option should have
the shortest distance from the positive ideal
solution and largest distance from the
negative ideal solution [11].

The rest of this paper is organized as
follows: In Section 2, the literature review is
presented, including some research about
wind energy and prioritization of places for
wind energy harnessing. In Section 3, the
geographic description of Fars province in
Iran is given. In Section 4, wind energy in the
world and in Iran is discussed. Section 5
discusses the methodology of the paper.
Statistical analyses and discussion are
presented in Sections 6 and 7 respectively.
Finally, the conclusion is drawn in Section 8.

2. Review of the literature

A good deal of research has been conducted
on the use of renewable energy in the world
and in Iran. Renewable energies include solar,
wind, geothermal, biomass, and marine
energy, all of which have attracted increasing
attention in almost all countries, including
Iran. In 1994, Iran became one of the
countries that use wind energy to generate
electricity [12]. Therefore, conducting
research on the potential of renewable
energies in different regions of Iran is
essential. Some of the research and studies
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related to wind energy are mentioned and
reviewed below.

The most important criterion to be
considered in wind turbine installation is wind
power, because persistent wind is very
essential. Mohammadi and Mostafaeipour
[13] have studied about the economic
feasibility of electricity generation using wind
turbines in the city of Aligoodarz situated in
the west part of Iran. The wind energy
potential and its characteristics were assessed
through diurnal, monthly, and annual analysis
using three-hourly measured wind speed data
from 2005 to 2009 at 10 m elevation and the
Weibull distribution. The analysis showed a
nearly stable wind pattern in different hours
and months of the year; therefore, this area
was deemed suitable for wind energy
harnessing. Then, the economic feasibility of
six different wind turbines with rated powers
ranging from 20-150 kW was evaluated.
Finally, among all the turbines examined, the
E-3120 wind turbine was identified as the
most attractive option for installation.
Mostafaeipour et al. [14] have investigated
wind power potential of the city of
Shahrbabak in the Kerman province of Iran
using Weibull distribution and three-hourly
wind speed data at 10 m height from 1997 to
2005. Numerical values of the dimensionless
Weibull shape parameter (k) and Weibull
scale parameter (c) were determined with a
yearly mean value of 1.504 and 5.314 (m/s)
respectively. With an average wind power
density of 100W/m’, the city is considered
suitable for the employment of small turbines
with 10 kW power.

Mohammdai et al. [15] have investigated
the feasibility of harnessing wind power at
three free-economic and industrial zones of
Chabahar, Kish, and Salafchegan in Iran.
Weibull distribution function and three-hourly
long-term data of wind speed were used for
analysing the wind potentials at different
heights. It was found that Chabahar was not
suitable for wind energy development, but
Kish and Salafchegan—with yearly wind
powers of 111.28 W/m’ and 114.34 W/m’
respectively—ranked in Class 2, which is
considered marginal for wind power
development.

Mostafaeipour et al. [3] have assessed wind
energy potential for Zahedan city in southeast
part of Iran. For the calculation of the wind
power, density and energy are taken from the
Weibull density function and five-year
(2003-2007) wind speed data. Yearly mean
Weibull parameters k and ¢ were computed to
be 1.155 and 3.401 (m/s) respectively. The

finally obtained values for wind power and
energy density are 89.148 W/m’ and 781.252
kWh/m’ respectively. Based on the economic
evaluation and analysis of four wind turbines,
it is recommended to install the 2.5kW model
wind turbine, which is proved to be the most
cost-efficient option.

In a research by Mirhosseini et al. [28], the
Semnan province of Iran was statistically
analysed to determine the potential of wind
power generation. Extrapolation of the 10m
data through the power law was used to
determine the wind data at heights of 30 m
and 40 m Damghan city was found to have
the best potential for using wind energy in the
province.

Mostafaeipour et al. [12] have statistically
analysed the hourly measured wind speed
data recorded between2007 and 2010 at 10 m,
30 m, and 40 m height to determine the
potential of wind power in the Binalood
region of Iran. For calculating wind power,
energy and density are taken from Weibull
distribution. The yearly values of k at 40 m
elevation range from 2.165 to 2.211, with a
mean value of 2.186, while ¢ values are in the
range of 7.683-8.016 with a mean value of
7.834. The yearly mean wind speed, mean
wind power, and mean power density at 40 m
height are calculated as 5.923 m/s, 305.514
W/m’, and 2676.30 (kWh/m®) respectively.
The final results show that Binalood has great
wind energy potential available, due to which
a 600kW wind turbine is recommended.

Azadeh et al. [16] have ranked 25 cities in
Iran for wind turbine installation and divided
each city into five regions: the area at a
distance of 5 km or less from the city centre is
the first region, the area at a distance of 5-20
km is the second region, at a distance of 20—
40 km is the third region, at a distance of 40—
60 km is the fourth region, and area more than
60 km away from the city centre is the fifth
region. For this purpose, a two-step DEA
model was used. In the first step, the best
region among the five regions of each city
was determined. In this step, the criteria of
population, distance to distribution net were
the outputs and land cost was the input of
DEA. In the second step, the 25 cities were
compared with each other and the best city
was identified. In this step, the criteria of
wind speed and geology situation were the
outputs and earthquake disaster was the input
of the model. The results showed that Manjil
is the best city for wind energy harnessing.
The last-mentioned paper has two significant
problems. First, it considers wind speed as
output criterion even though steadiness and
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frequency of wind are more important than
speed of. Second, it divides each city into five
regions, though it is possible that some cities
do not have all five regions. So, for solving
the first problem, the current paper uses
yearly wind power instead of wind speed.

3. Geographical Profile

Fars province is located in the southern and
southwestern part of Iran, at E50°36'-E55°35'
longitude and W27°03-W31°40' latitude. The
area of this province is 122,000 km’, which
constitutes about 12.5 per cent of Iran’s total
area; it is the fourth largest province in the
country [17]. Neighbours of Fars province are
Yazd in the northwest, Kerman in the west,
Esfahan in the north, Hormozgan in the south,
and Bushehr in west. Figure 1 shows the map
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Persian Gulf? .73
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of Iran and the location of the province and its
cities.

The Fars province has various climates.
Cities in the northern and north-western parts
of Fars have very cold winters and moderate
summers because of mountains. Cities located
in the central region of this province have
Mediterranean climate, while cities located in
the southern and southwestern regions have
moderate winters and very hot summers

[17,19].
In this research, we selected 13 different
cities of the Fars province, including

Izadkhast, Estahban, Eghlid, Shiraz, Fasa,
Safashahr, Bavanat, Abadeh, Arsanjan,
Kazerun, Neyriz, Sepidan, and Firuzabad to
rank them in terms of their suitability for
wind turbine installation. Table 1 shows the
geographical profile of these cities.

1 1.1zadkhast
2.Abade
3.Eghlid
4.Sepidan
S.Safashahr
60.Bavanat
7.Arsanjan
8.Shiraz
9.Kazerun
10.Neyriz
11.Firuzabad
12.Estahban
13.Fasa

Fig.1. Map of Iran and cities of Fars province [18]

Table 1. Geographical profile of 13 cities in Fars province [20].

Row City Longitude Latitude
1 Izadkhast 52°40'E 31°08'N
2 Estahban 54°03'E 29°12'N
3 Safashahr 53°11'E 30°36'N
4 Firuzabad 52°55'E 28°81'N
5 Eghlid 52°41'E 30°53'N
6 Neyriz 54°19'E 29°15'N
7 Sepidan 52°5'E 30°20'N
8 Arsanjan 53°32'E 29°92'N
9 Bavanat 53°27'E 30°28'N
10 Abadeh 52°40'E 31°08'N
11 Fasa 53°39'E 29°00'N
12 Kazerun 51°40'E 29°38'N
13 Shiraz 52°54'E 29°61'N
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4. Wind energy

Nowadays, population growth and increasing
demand for energy have encouraged many
industrialized and developing countries to
make more use these clean and economical
sources of energy. Wind is a free source of
energy, which—considering the excessive
pollution of fossil energy and its diminishing
sources—has been favourably viewed as an
alternative solution for the last few decades;
thus, the use of this type of energy has seen a
growing trend like other renewable energies.

4.1. Wind energy in the world

According to the predictions of researchers
and the International Energy Agency, the
energy demands in the future will have a
rapid and worryingly increasing trend. It is
worth mentioning that from 1998 to 2013, the
global demand for electricity increased by 30
per cent to 20,582 TWh [21, 22]. In recent
years, the wind industry has grown in terms
of turbine installation capacity; it has created

169

about 300,000 new jobs and has reached an
annual trade worth about forty billion dollars
worldwide [23]. The share of wind power in
the global electricity generation is expected to
reach 8 per cent by 2018 and 12 per cent by
2020, which indicates the rapid movement of
countries towards further utilization of this
energy [24]. The importance and urgency of
the problem of generating electricity through
renewable energy sources has led to many
comprehensive and broad research works on
this issue, many of which have predicted the
wind energy status in the next few years. It is
predicted that by the end of 2020, the
installed capacity will reach 2.1 Gigawatts. A
number of American states are seeking to
supply about 25 to 30 per cent of their
electricity demand through renewable energy
by the end of 2020. For China, this value is 10
per cent by the end of 2020 [25]. Wind energy
supplies 20 per cent of energy demand in
Denmark, 9 per cent in Spain, and 7 per cent
in Germany [22]. Figure 2 shows the growing
trend of using wind power in the world by the
end of 2013 [26].
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Fig. 2.The growing trend of using wind power in the world by the end of 2013 [26]
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Fig. 3.The top 10 countries in terms of installed wind power capacity by the end of 2013 [26]

China, America, and Germany—with wind
power capacity of 91,324, 61,108, and 34,660
megawatts respectively (by the end of
2013)—hold the top three ranks in this regard.
Figure 3 lists the top 10 countries in terms of
installed wind power capacity by the end of
2013 [26].

4.2. Wind energy in Iran

Due to the special geographical situation of
Iran, its location in low-pressure area, and
also strong-flowing air in the summer and
winter in some locations, this country has
very good wind energy potential in many
zones. The country is influenced by two main
winds [3]:

(1) Winds from the Atlantic Ocean,
Mediterranean Sea, and central Asia
in the winter.

(2) Winds from the Indian Ocean and the
Atlantic Ocean in the summer.

A study by the Renewable Energy
Organization of Iran (SUNA) illustrates that

in 26 zones of the country—including 45
sites—the wind energy potential is estimated
to be about 6,500 MW [27]. The amount of
electricity power accessible from the wind
energy in the whole country is estimated
about 20,000 MW [3]. The first experience of
Iran in installing wind turbines took place in
1994—two wind power plants of 500 kW
were installed in cities of Manjil and Roodbar
in Gilan province in the northern part of Iran
[28]. Their annual production of wind power
is more than 1.8 million kW; the average
wind speed values in Roodbar and Manjil
areas are 15 m/s and 13 m/s respectively [12].
Other locations of Iran that harness wind
energy and have wind turbines are Binalood
in Khorasan-E Razavi province with 43
turbines of 38,380 kW and Kahak in Qazvin
province with eight turbines of 20,000kW. In
all, Iran had nine wind farms at the end of
2013. Figure 4 shows development of wind
turbine installation capacity in Iran from the
beginning up to 2013 [26].
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Fig. 4. Development of wind turbine installation capacity in Iran from the beginning up to 2013 [26]

Many research works and studies about
wind energy have been done in some
provinces of Iran, such as Lorestan [13],
Kerman [14], Sistan and Baluchestan, Qom
[15], Semnan [28], and Khorasan-E Razavi
[12]. In the present study, wind energy
potential of 13 cities of the Fars province are
analysed and five more criteria are
investigated for ranking the cities in terms of
suitability of development of wind turbine
installation in Iran. Wind speed data for this
study were obtained from the Iranian
Meteorological Organization. The main
purpose of this research work is to assess
wind energy potential for 13 cities and then
rank them.

5. Methodology

In this study, the DEA method and a set of
economic, technical, and geological factors
are used to prioritize and rank 13 cities of the
Fars province in terms of their suitability for
the construction of a wind farm. AHP and
FTOPSIS are also used to assess the validity
of the obtained results.

5.1. DEA method

There are various definitions of efficiency in
terms of attempting to decrease inputs or
increase outputs [6]. In a simple definition, it
can be stated that efficiency is the ratio of
outputs to inputs in a system. Each system
usually has a number of inputs and outputs—
the ratio of the sum of weighted outputs to the
sum of weighted inputs should be used to
calculate efficiency [29]. The DEA model
also uses this ratio to calculate the efficiency
of each DMU.

The original idea of DEA was first
presented by Farrell in 1957 [30] and the
model known as CCR was presented later by
Charnes et al. [31]. This is an effective tool to
measure the relative efficiency of DMUs with
regard to relevant criteria; these criteria are
divided into two groups—inputs and outputs.
This model is one of the most important
nonparametric methods and is based on linear
programming method, and is designed with
the aim of measuring the efficiency of DMUs
that do similar tasks. Nonparametric methods
are based on a series of mathematical
optimization that are used to calculate the
relative efficiency of DMUs. The efficiency
values obtained from this type of methods
result from comparing DMUs with one
another; thus, a change in the number of
DMUs can change their efficiency [32, 33]. In
the last two decades, the DEA method has
found many applications in different areas
such as education [31], health [34], and
environmental issues [35].

An important application of this method is
the prioritization and ranking of DMUs that
do similar tasks, which is done by comparing
the efficiency value obtained for each DMU.
In this study, the relative efficiency values of
13 cities in Fars province will be compared by
considering three inputs and three outputs,
and then these cities (DMUs) will be ranked
in terms of their potential and suitability for
the construction of wind farms.

Experiences have shown that when the total
number of DMUs is close to the total number
of inputs and outputs, most DMUs will be
identified as efficient. This result will be
unrealistic and such ranking will be
unreliable. It has been shown that the number
of DMUs and criteria must comply with
either Eq.(1) or Eq.(2) [7, 36].
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Number of DMUs <3 x (number of (D
inputs + number of outputs)

Number of DMUs<2 x (number of )
inputs) x(number of outputs)

There are 13 DMUSs (cities) and six criteria
in this study; neither of these two equations
applies on these values. To resolve this
problem, the dual form of DEA method is
formulated as follows [7, 29]:

- ET EL EUA
Subjectto: B 1U U
| D 1 n
I m
r=1,2,...,S
=1,2,..,K
ji=1,2,..,n ®)

In this model, z is the efficiency of unit p,
0 is the variable that should be minimized, Y
is the r” output (r = 1 to s) of /“ DMU(j=1 to
n), X; is the /" input (i = 1 to k) of j “ DMU,
and /s are the coefficients that should be
calculated for constraints. In the cases where
this model yields several efficient DMUs
(several DMUs with the score of 1),
comparing these efficient DMUs will be
impossible. The Andersen—Petersen (AP)
model can be used to tackle this problem. In
the AP model, the efficiency values of
efficient DMUs are allowed to be greater than
1. This is done by eliminating the p”
constraint in the initial model or eliminating
the p” variable (weight) from the constraints

of dual model in each cycle of model. This
model can be used for both the basic and the
dual form of DEA. Since we have used the
dual form of the DEA for initial prioritization,
we should also use the dual form of the AP
model to rank the efficient DMUs. The
following minor changes will modify the dual
model mentioned above by AP method [32,
36]:

S ETELEJA

Subjectto: B TU U

[ g n

I =

r=1,2,...,S

i=1,2,..,K 4)
j=L2,..,n

The only difference between this model and
the previous model is that the p” term will be
removed from the constraints in each cycle of
this model.

5.2. AHP method

When the discussed issue has several
competing options (DMUs) and decision
criteria, the Analytical Hierarchy Process
(AHP) can be used to rank these options. This
method of decision-making is based on
pairwise comparisons.

A separate matrix (as shown in Table 2)
will be formed for each criterion. In this
matrix, options will be compared two by two
with each other in respect to the evaluated
criterion [37].

Table 2. Pairwise comparisons matrix between alternatives for each criterion.

1* option 2" option 8 Last option
Amount of criterion of Amount of criterion of
1 option | 1"option divided to 8 1"option divided to
p Amount of criterion of Amount of criterion of
2"option last option
Amount of criterion of Amount of criterion of
option 2"option divided to | 8 2"option divided to
p Amount of criterion of 1* Amount of criterion of
option last option
é 8 8 1 é
Amount of criterion of Amount of criterion of
Last last option divided to last option divided to 8 1
option  Amount of criterion of 1 Amount of criterion of

option

2"option
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Once the matrix is formed separately for
each criterion, it should be normalized. To do
this, first the sum of each column of the
matrix will be calculated, and then each
member of the matrix will be divided by this
value. The resulting matrix will be the
normalized pairwise comparison matrix for
the options with respect to one criterion [37,
38]. After that, the values of each row of the
normalized pairwise comparison matrix will
be averaged and the resulting values will be
the relative weight of that criterion for the
options [39]. This process should be repeated
for each criterion. Equation 5 shows the
matrix, where n is number of criteria and m
the number of options.

v

The most important step in this method is
the formation of a pairwise comparison
matrix for different criteria with respect to
each other. So, the pairwise comparisons
between the problem criteria will be done
through verbal preferential values, which will
indicate the preference or priority of the two
decision elements [8]. This step will be
performed through a survey to collect the
opinions of experts on the subject. Then, the
verbal wvariables will be converted to
quantitative values using a nine-item Saaty
scale [38] (Table 3); finally the obtained
values will be averaged.

Table 4 shows the pairwise comparison
matrix for different criteria with respect to
each other after conducting the survey and

W E & :
&6 E & (5) averaging the results.
() E &
Table 3.Saaty's nine-point scale [38, 39]

. o Intensity of
Explanation Definition importance
Two factors contribute equally to the objective Equal importance 1
Experience and judgment slightly favour one over Somewhat more 3
the other important
Experience and judgment strongly favour one over Much more important 5
the other
Experience and judgment very strongly favour one ~ Very much more 7
over the other important
The evidence favoring one over the other is of the =~ Absolutely more 9
highest possible validity important
When compromise is needed Intermediate values 2,4,6,8

Table 4.Pairwise comparison matrix of criteria
Criteria 1* criterion 2™ criterion 8 Last criterion
Preference value of 1* Preference value of 1"
1* criterion 1 criterion toward 8 criterion toward
Preference value of 2™ Preference value of last
criterion criterion
Preference value of 2™ Preference value of 2™
2™ criterion criterion toward 1 8 criterion toward
Preference value of 1* Preference value of last
criterion criterion
é 8 8 1 é
Preference value of Preference value of last
Last last criterion toward criterion toward 8 1
criterion Preference value of 1* Preference value of 2™

criterion

criterion
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Once the aforementioned matrix is formed,
it should also be normalized; this
normalization has a process similar to that
used in the previous pairwise comparison
matrix. The resulting matrix will be the
pairwise comparison matrix for the criteria
[37, 38]. After that, the values of each row of
the normalized pairwise comparison matrix
will be averaged and resulting values will be
the relative weight of that criterion [39]. The
resulting matrix will be in the form of:

A (6)

In the final step, the relative weight of each
criterion should be multiplied by the relative
weight of a particular option and the sum of
the products of these values should be
calculated to obtain the final weight of that
option [37] (as shown in Eq.(7)). This process
should be repeated for each option to obtain
their final weight in order to be able to rank
these options:

[W], W2, .

Final weight of /"
(an><W1)+ oot (@nXWa).

option = 7

5.3. FTOPSIS method

TOPSIS is a practical and useful technique
for the ranking and selection of a number of
externally determined alternatives through
distance measures [40]. The basic concept of
this method is that the chosen alternative
should have the shortest distance from the
positive ideal solution and the farthest
distance from the negative ideal solution [9].
The positive ideal solution is a solution that
simultaneously maximizes the benefit criteria
and minimizes cost criteria, whereas the
negative ideal solution maximizes the cost
criteria and minimizes the benefit criteria.
The TOPSIS method assumes that each
criterion has a tendency to monotonically
increase or decrease the utility. Therefore, it
is easy to define the positive and negative
solutions.

Fuzzy logic is a powerful mathematical tool
for handling the existing uncertainty in
decision-making. Overcoming the uncertainty
of qualitative data, the ranking process may
be accomplished by the fuzzy TOPSIS

(FTOPSIS) method. The mathematical
concept of FTOPSIS has been proposed by
Chen [9].

In this method, a decision matrix will be
created with respect to the number of criteria,
number of options, and evaluation of all
options for different criteria. This matrix will
be in the form [9-11] given by:

g E @
0o- é E &
= ? 8
0] E O ®

Here, m is the number of options and n is
the number of criteria.

In assessing the options for the different
criteria, all values are quantitative, so the
decision matrix should be normalized in the
form of numbers between 0 and 10.

Xy is a triangular fuzzy number, so the
performance of options 7 (i=1,2,...,m) in
criteria j (j=1,2,...,m) will be ij=(aij,bij,cij)
[10,41,42]. In the next step, the important
factor of different decision-making criteria
will be defined in the form of [41]:

0:[0 1,0 2,....,0 n]. (9)

The fuzzy numbers are triangular, so the
weight of each component w;will be defined
asU j= (Wi, Wy, w3). Assessment of different
criteria are qualitative and in the form a
verbal variable, so experts’ opinions should
be used. The verbal variables of all decision-
makers should then be converted to their
equivalent fuzzy numbers (ai, bi, c¢i) with
accordance with Table 5. The final weight of
each criterion, which is a triangular fuzzy
number, will be obtained by assigning the
minimum of a’s, the average of 5’s, and the
maximum of ¢’s to first, second, and third
parameters of this fuzzy number respectively

[9].

Table 5. Verbal variables and equivalent of these with triangle fuzzy number [42].

Fuzzy triangle Verbal variables for evaluation Fuzzy triangle Verbal variables of
number options number criteria
(0,0,0.1) Very low momentous 0,0, 1) Very low
(0,0.1,0.3) Low momentous 0,1,3) Low
(0.1,0.3,0.3) Some deal low momentous (1,3,9) Almost low
(0.3,0.5,0.7) Indifferent (3,57 Medium
(0.5,0.7,0.9) Some deal momentous 5,7,9 Almost high
(07,09, 1) Momentous (7,9, 10) High
(09,09, 1) Very momentous (9, 10, 10) Very high
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To acquire scale-less values, instead of
performing complex calculations, the linear
scaling will be used to convert the scale of
different criteria to a comparable scale. Given
that the fuzzy numbers are triangular,
elements of scale-less decision matrix for the
positive and negative criteria can be obtained
from [9,11]:

1 (——~,—) (10)
and

. 11

| (—— ). (h
respectively. In the above equations,

¢ =maxc; and aj=mina;, so scale-less fuzzy
decision matrix can be obtained from [10, 41,
42]:

O
a (12)
O

T Mh

O
2- &
O

In the next step, given the weights of
different criteria, the weighted fuzzy decision
matrix can be obtained in the form of Eq.(13)
by multiplying the importance factor of each
criterion by the scale-less fuzzy matrix given

by ([42]):

6 E O
& & E & . (1)
O E O
Thus, the weighted fuzzy decision matrix
will be in the form of [11].
O=Qii x, (14)

Here, 0 represent the importance factor of
criterion c;.

In the next step, we must obtain the ideal
and anti-ideal fuzzy solutions, which are
defined as [41, 42].

A= GRS (15)
and
6 =0 h (16)

respectively; where U° is the best value of
criterion 7/ andU is the worst value of
criterion 7 among all options. Then, the
distance between the two triangular fuzzy
numbers can be obtained from [11, 43].

di H )=
- A A A A A A 8 (17

In the above equation, & @ ho hw
and & ¢ Foo il Distance of each option
from the ideal and anti-ideal fuzzy solutions
and the closeness coefficient can be obtained
from Egs. (18), (19) and (20) respectively [9].
Options that have a shorter distance from the
ideal fuzzy solution and a longer distance
from the anti-ideal fuzzy solution will have a
higher ranking:

G B AOKG , (18)
i=1,2,....m

O B AOR , (19)
i=1,2,....m

and

- o (20)
A B0

In the final step of the FTOPSIS model,
options will be ranked in respect to their
closeness coefficient; this means that options
with higher closeness coefficient will have a
higher ranking.

6. Analysis

To analyse the data, first the values
representing each effective criterion must be
calculated. To calculate the most important
criterion, i.e. wind power, long-term data
related to time period of 2004-2013 obtained
from the Iran Meteorological Organization
database will be used. Since this data is
related to the height of 10 m above the
ground, we should use extrapolation to
calculate the data pertaining to the height of
40 m. To obtain a value that can represent the
topographical conditions, the area of suitable
sites within a circle with a radius of 7.5 km
will be calculated. To calculate the distance
from the distribution grid, first the sites that
are suitable in terms of topography will be
selected and then the average distance of
these sites from the centre of the city will be
calculated. To estimate the probability of
natural disasters, the probability of floods,
earthquakes, and dust storms will be
calculated. The data gathered from the
Statistical Centre of Iran will be used for the
population criterion, and the real estate
experts’ opinions will be used for land price
criterion. These six criteria and three sub
criteria will be calculated in the next sections.

6.1. Effective criteria
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The wind farm should be built in a suitable
location that can lead to the maximization of
generated electricity and minimization of
construction  costs. Various economic,
technical, and topographical criteria should be
determined to locate this most suitable site, of
which the available wind power is the most
important criterion. This means that a region
that has higher wind energy is more suitable
for the installation of wind turbine. Another
criterion is the distance of the wind farm from
the distribution grid—a lower distance is
more preferable. Another criterion is the
topography of the area—Ilower degrees of tree
cover, mountains, hills, and tall buildings are
more suitable for the construction of the wind
farm. This is because buildings and
mountains reduce the wind speed and tree
cover increases the risk of damage to the
turbines. Economic criterion is also
considered for site selection—the sites that
have a lower land price are more preferable.
Another criterion that should be taken into
account is the probability of natural disasters
such as floods, earthquakes, and dust storms,
which must be minimum, because they
impose the risk of damaging or even
destroying wind turbines. Another measure
that can have an important role in the ranking
of each region is its population; a higher
population in an area indicates that it is more
preferable for the construction of wind farm
[3-5].

6.1.1. Wind power

The first and foremost condition that a
candidate site for the construction of a wind
farm must satisfy is the high degree of
continuous and persistent windiness. Another
important issue is the statistical distribution of
wind speed; suitable wind speed alone is not
enough to produce wind energy—its
frequency and duration is also important.
Wind energy also depends on air pressure and
temperature as well as wind speed. Therefore,
in this study, we try to calculate the wind
power density, because it is the best criterion
to assess the wind resource in an area. In fact,
this criterion shows how much wind energy in
an area can be converted into electricity.

Long-term meteorological data [14] and some
statistical calculations must be used to
calculate the wind power density of a region.
An important point to be considered is that
the wind speed in the four warm months of
June, July, August, and September is more
important than the other months of the year,
because the data related to electric energy

consumption in all studied cities in a five-year
period (2009 to 2013) show that the amount
of electricity consumed in these four months
is 50 per cent higher than that in the other
months of the year [44], mainly due to the
increased use of air conditioners. Therefore,
to bring the study results closer to reality, in
the course of calculating the annual mean
wind power for cities, we apply a weight
coefficient of 1.5 on the wind speeds related
to these four months to emphasize their
higher importance. In this study, three-hourly
wind speed data, temperature, and air pressure
for a period of 10 years (2004-2013) were
collected from the national meteorological
organization, and then Eq.(21) was used to
extrapolate these data for the height of 40 m
[13]:

E (21)
E

Wind power density in each area can be
calculated by [13-15]

W

(22)

i ~ o
B”OAEDAO BI"A = 8
q q E

Oz C=

Two parameters of ”(air density) and
. (gamma) can be calculated by [14]
0 (23)
P NSy
x)=, A O AO (24)

respectively. In Eq.(22), two parameters of ¢
and k are scale factor and shape factor, which
can be calculated by [28]

~ O

A2 (25)
tZp E

T o8 (26)

respectively.  Ultimately, the mean wind

power for each of the cities was calculated by
Excel software, the results of which are
presented in Table 6.

6.1.2. Topographical conditions

Wind data collected from the meteorological
organization is only valid within a radius of
7.5 km, centred at the weather station [4];
therefore, suitable areas for each city should
be selected within this valid area. Urban
regions, residential and industrial areas, and
areas with tree cover should also be removed.
The area of suitable regions for the
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Table 6.Average of 10-year wind power values of the 13 cities

City Wind power (W/m®)
Izadkhast 166.64
Estahban 84.00
Safashahr 126.63
Firuzabad 60.40

Eghlid 74.72
Neyriz 56.06
Sepidan 65.26
Arsanjan 126.23
Bavanat 130.60
Abadeh 63.24

Fasa 27.86
Kazerun 45.64

Shiraz 26.40

construction of wind farm was calculated with
the help of experts on this subject. These
regions and the area calculated for each city are
presented in Table 7. In the best topographical
conditions, i.e. an area without any tree cover,
buildings, or mountains and hills, the maximum
value in Table 7 can be the area of a circle with
aradius of 7.5 km, i.e. 176.7 sq. km. Among all
the cities investigated in the research, the city of
Eghlid has the most appropriate places with 171
km?2, while the worst city is Shiraz with 117
km?2.

6.1.3. Distance from power distribution grid

Table 8 shows the average distance of
topographically suitable locations (at least 20
sites for each city) from 20kV substations
within each city. For each city, first the
topographically suitable locations are selected
and then the average distances of these locations
from the centre of the city are considered as the
values representing the criterion of distance
from power distribution grid.

Table 7. Suitable topographical area

City Topographic

situation (km")
Izadkhast 165
Estahban 155
Safashahr 168
Firuzabad 142
Eghlid 171
Neyriz 159
Sepidan 112
Arsanjan 132
Bavanat 141
Abadeh 165
Fasa 147
Kazerun 137
Shiraz 117
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Table 8. Average of distances to distribution net.

Distance to distribution

City net (km)
Izadkhast 6.61
Estahban 6.73
Safashahr 6.77
Firuzabad 6.10

Eghlid 6.83
Neyriz 6.85
Sepidan 4.35
Arsanjan 5.17
Bavanat 5.22
Abadeh 6.52

Fasa 6.53

Kazerun 4.95
Shiraz 4.40

6.1.4. Land price

Regions suitable for wind farms are located
outside residential areas; therefore, the
average price of agricultural land is
considered for this criterion. These values are
presented in Table 9.

6.1.5. Natural Disasters

The probability of three types of natural
disasters—flood, earthquake, and dust
storm—are considered for this criterion,
because they impose the risk of damaging or
even destroying wind turbines. Wind farm
should be constructed in a location that has

the minimum probability of such events. The
number of recorded floods at the end of 2013
for a period of about 62 years is considered
for calculating the flood sub-criteria (more
data are not available). Poisson distribution
was used to calculate the probability of at
least one flood in the 25-year lifespan of a
turbine [5]. Table 10 shows the flood statistics
for each city and the calculations performed
to obtain the probability of flooding.
According to the statistics related to
earthquakes, the number of recorded
earthquakes in different cities of the Fars
province belongs to a 100-year period. In this
case, there was no record of destructive
earthquakes that can damage wind turbines (8

Table 9. Land cost

City Land cost (Rial/m’)
Izadkhast 650000
Estahban 650000
Safashahr 1100000
Firuzabad 1900000

Eghlid 950000

Neyriz 1750000
Sepidan 1050000
Arsanjan 700000
Bavanat 800000

Abadeh 1000000

Fasa 900000
Kazerun 1300000

Shiraz 4500000
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Table 10. Number of floods, Landa Poisson, and Poisson distribution

Landa

City Number of floods  Poisoon distiation of
(for 62 years) floods
(for 25 years)
Izadkhast 5 2.016 0.816
Estahban 6 2.419 0.911
Safashahr 5 2.016 0.867
Firuzabad 7 2.823 0.941
Eghlid 5 2.016 0.867
Neyriz 6 2419 0911
Sepidan 6 2.419 0.911
Arsanjan 3 1.210 0.702
Bavanat 2 0.806 0.554
Abadeh 5 2.016 0.867
Fasa 4 1.613 0.801
Kazerun 4 1.613 0.801
Shiraz 4 1.613 0.801
or higher on the Richter scale [5]) in any of t 1D 27)
these areas, so the probability of destructive
earthquake was considered zero for all these £ 18 b (28)

cities.

The number of events related to dust storms
category is too high for Poisson distribution
to be used. In this case, given the high
number of trials (number of studied days), we
used binomial distribution with normal
approximation. This approximation involves
calculating the probability of success (p) and
the number of trials (z) for binomial
distribution, and then calculating the mean ()
and standard deviation (o) of normal
distribution by Egs. (27) and (28) and
ultimately calculating the probability of at
least one event by normal distribution using

Here, nis the number of days in the normal
lifespan of a turbine (25 years), i.e. 9131
days. Then, the probability of at least one dust
storm in a period of 25 years must be
calculated. Table 11 shows the statistics of
this event for each city and calculations of
variables p (the probability of dust storm in a
day in binomial distribution), and n (the
number of studied days or number of trials in
binomial distribution), normal u and o, and
ultimately the probability of at least one such
event.

Table 11. Binomial distribution parameters and probability of dust storm occurrence

Probability of at
Ci n=9131 — Q least once dust
ty p (25%365+6) H=1p storm and normal
distribution

Izadkhast 0.08 9131 750.49 26.245 0.86
Estahban 0.11 9131 1000.66 29.85 0.87
Safashahr 0.07 9131 675.44 25 0.86
Firuzabad 0.06 9131 525.35 22.25 0.86
Eghlid 0.14 9131 1250.82 32.85 0.88
Neyriz 0.15 9131 1325.87 33.66 0.88
Sepidan 0.03 9131 300.20 17.04 0.85
Arsanjan 0.003 9131 25.02 4.99 0.84
Bavanat 0.07 9131 625.41 24.14 0.86
Abadeh 0.11 9131 1000.66 29.85 0.87
Fasa 0.09 9131 825.54 274 0.86
Kazerun 0.06 9131 525.35 22.25 0.86
Shiraz 0.21 9131 1951.28 39.17 0.90
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The final step is to combine the
probabilities of these three natural disasters,
so that we can obtain a value that can
represent this criterion in the model. Thus,
according to expert opinion, weight
coefficients of 0.25, 0.25, and 0.5 were
considered for flood, earthquake, and dust
storm respectively, and the results are
presented in Table 12.

6.1.6. Population

Another important criterion for the location of
wind farm is population. It is obvious that this

factor should be considered as an output of
the DEA model, because higher population
means that the area is more preferable for the
installation of wind turbine. Table 13 shows
the population of the cities.

7. Discussion

Given the high number of constraints, LINDO
software is used to solve the linear
programming problem. The result obtained
from the model shows that five cities—
Firouzabad, Neyriz, Arsanjan, Sepidan, and

Table 12. Probability of occurrence of natural disasters once in 25 years

Probability of natural disaster

City Earthquake Flood Dust storm (at least one time in 25 years)
Izadkhast 0 0.816 0.86 0.647
Estahban 0 0911 0.87 0.663
Safashahr 0 0.867 0.86 0.647
Firuzabad 0 0.941 0.86 0.665

Eghlid 0 0.867 0.88 0.657
Neyriz 0 0.911 0.88 0.668
Sepidan 0 0.911 0.85 0.653
Arsanjan 0 0.702 0.84 0.596
Bavanat 0 0.554 0.86 0.569
Abadeh 0 0.867 0.87 0.652

Fasa 0 0.801 0.86 0.630

Kazerun 0 0.801 0.86 0.630
Shiraz 0 0.801 0.90 0.650

Table 13. Population of the cities [18]

City Population (person)
Izadkhast 27800
Estahban 66172
Safashahr 50252
Firuzabad 119721

Eghlid 98188

Neyriz 113750
Sepidan 89398
Arsanjan 41476
Bavanat 48416
Abadeh 93975

Fasa 200000
Kazerun 320792

Shiraz 1700678
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Abade—have attained efficiency scores of
less than 1, so they can be easily ranked. But
eight cities—Izadkhast, Estahban, Safashahr,
Eghlid, Bavanat, Fasa, Kazeroon, and
Shiraz—have  attained the maximum
efficiency score (1); therefore, they cannot be
ranked at this stage. The AP dual model is
used to revaluate the ranking of these eight
cities. In this model, the efficiency score cap
is removed by eliminating the p” variables.
The result of the AP model shows that
Shiraz—with a score of 5.9641—is in the first
place. The results for the other cities are
presented in Table 14. After using AP model
on efficient DMUs (cities), the final rankings
of the cities in terms of their suitability for the
installation of wind turbines to harness wind
energy are as follows:

In this study, two methods—AHP and
FTOPSIS—are used to assess the validity of
results obtained from the DEA model.

181

7.1 Validating by AHP model

To assess the validity using the AHP model,
the procedures listed in Section 5.2 are
followed step by step. The mean values of
results obtained from the survey of experts’
opinions on the related subjects are used to
assign appropriate weights to the criteria with
respect to their importance; the values of
criteria in comparison with one another
(comparison matrix) are presented in Table 15.
The results of this model show that the city of
Izadkhast—with a final weight of 0.1143—is
in the first place. This city is ranked first
because its wind power is higher than all
other cities and the wind power criterion has
much more influence compared to the other
criteria. Similarly, Fasa was ranked 13th
because of its low wind power. Table 16
shows the final weights of the options after
AHP model analysis.

Table 14. Efficiency scores of DEA and AP and ranks of the 13 cities

City Efficiency scores of DEA Efficiency scores of AP Rank
Izadkhast 1 1.4217 2
Estahban 1 1.0523 5
Safashahr 1 1.009 8
Firuzabad 0.8687 - 13
Eghlid 1 1.0251 7
Neyriz 0.9220 - 12
Sepidan 0.9399 - 11
Arsanjan 0.9747 - 10
Bavanat 1 1.0609 3
Abadeh 0.9887 - 9
Fasa 1 1.0553 4
Kazerun 1 1.0485 6
Shiraz 1 5.9641 1

Table 15. Pairwise comparison matrix of criteria

Natural Land . Topographic Wind .

disaster cost Distance in)tugartign power Population
Natural disaster 1 6 5 3 0.16 7
Land cost 0.16 1 2 0.2 0.14 4
Distance 0.2 0.5 1 0.16 0.125 2
Topographic 0.33 5 6 1 0.14 5
situation ’ )
Wind power 6 7 8 7 1 7
Population 0.14 0.25 0.5 0.2 0.14 1
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7.2 Validating by FTOPSIS model

In the first step of this method, the decision
matrix for options with respect to each of the
six criteria is formed, considering that the
calculated quantitative values are not
normalized (between 0 and 10); the
normalized values of this matrix are shown in
Table 17. For the population criterion in
Izadkhast, for example, the triangular fuzzy
number is (0.139,0.139,0.139).

In the next step, electronic questionnaires
completed by five qualified experts are used
to calculate the fuzzy weights of the criteria.

For population criterion for example, the
verbal variables assigned by experts are first
converted to triangular fuzzy numbers with
the help of Table 5; in this case, the five fuzzy
numbers are (0.5,0.7,0.9), (0.7,0.9,1),
(0.3,0.5,0.7), (0.7,0.9,1),(0.5,0.7,0.9). As a
result, the fuzzy number related to final
weight of population criterion is calculated as
follows:

a;=min{0.5,0.5,0.7,0.3,0.7}=0.3
a,=average of {0.7,0.7,0.9,0.5,0.9}=0.74
a;=max{0.9,0.9,1,0.7,1}=1

Table 16. Final weight of the cities after AHP analysis

City Final weight Rank
Izadkhast 0.1143 1
Estahban 0.0756 6
Safashahr 0.0977 2
Firuzabad 0.0688 8
Eghlid 0.0740 7
Neyriz 0.0680 9
Sepidan 0.0636 11
Arsanjan 0.0877 4
Bavanat 0.0932 3
Abadeh 0.0673 10
Fasa 0.0503 13
Kazerun 0.0598 12
Shiraz 0.0768 5

Table 17. Normalized decision matrix

Positive criteria

Negative criteria

Wind Topographic

Land Natural

City Population power situation Distance cost disaster
Izadkhast 0.139 1.6664 1.65 6.61 0.65 0.647
Estahban 0.33086 0.84 1.55 6.73 0.65 0.663
Safashahr 0.25126 1.2663 1.68 6.77 1.1 0.647
Firuzabad 0.598605 0.604 1.42 6.1 1.9 0.665
Eghlid 0.49094 0.7472 1.71 6.83 0.95 0.657
Neyriz 0.56875 0.5606 1.59 6.85 1.75 0.668
Sepidan 0.44699 0.6526 1.12 4.35 1.05 0.653
Arsanjan 0.20738 1.2623 1.32 5.17 0.7 0.596
Bavanat 0.24208 1.306 1.41 5.22 0.8 0.569
Abadeh 0.469875 0.6324 1.65 6.52 1 0.652
Fasa 1 0.2786 1.47 6.53 0.9 0.63
Kazerun 1.60396 0.4564 1.37 4.95 1.3 0.63
Shiraz 8.50339 0.264 1.17 4.4 4.5 0.65




Mostafa Rezaei-Shouroki / Energy Equip. Sys. / Vol. 5/No.2/ June 2017 183

In the next step, the decision matrix should
be made scale-less using Eqs. (10) and (11).
Then, according to Section 5.3, the weighted
fuzzy decision matrix, ideal fuzzy solution,
and anti-ideal fuzzy solution should be
calculated. These values are presented in
Table 19.

The distance from ideal fuzzy solution
(FPIS) and anti-ideal fuzzy solution (FNIS)
should then be calculated by Eq.(17). After
that, the final step is to calculate the closeness
coefficient (Eq.(20)), which is in fact the final
weight. The results of these calculations are

shown in Table 20. Cities that have a shorter
distance from the ideal fuzzy solution and a
longer distance from the anti-ideal fuzzy
solution will have a higher ranking.
Therefore, the city of Izadkhast is in first
place because it has the shortest distance from
the ideal fuzzy solution (2.6567) and the
longest distance from the anti-ideal fuzzy
solution (2.5831). Similarly, the city of
Firouzabad is in last place because it has the
longest distance from the ideal fuzzy solution
(3.6105) and the shortest distance from the
anti-ideal fuzzy solution (1.4324).

Table 18. Weights of criteria

Criteria Triangle fuzzy number
Population (0.3,0.74, 1)

Wind power 09,1,1)
Topographic situation (0.3,0.7, 1)

Distance (0,0.26,0.5)

Land cost (0.3,0.7, 1)

Natural disaster (0.5,0.86, 1)

Table 19. FPIS and FNIS

Criteria FPIS FNIS
Population (1,1,1) (0.005,0.005,0.005)
Wind power (1,1,1) (0.132,0.132,0.132)
Topographic situation (1,1,1) (0.196,0.196,0.196)
Distance (0.5,0.5,0.5) (0,0,0)
Land cost (1,1,1) (0.043,0.043,0.043)

Natural disaster

(1,1,1)

(0.426,0.426,0.426)

Table 20. Distances to FPIS and FNIS and closeness coefficient and final rank

City Distance to FPIS  Distance to FNIS CC Rank
Izadkhast 2.6567 2.5831 0.492976917 1
Estahban 3.1330 2.0577 0.396422008 5
Safashahr 3.0439 2.0712 0.404912886 4
Firuzabad 3.6105 1.4324 0.284036302 13
Eghlid 3.2757 1.8587 0.362007487 6
Neyriz 3.5925 1.4686 0.29017445 12
Sepidan 3.4778 1.6290 0.318989132 9
Arsanjan 2.9062 2.2823 0.43987716 3
Bavanat 2.8837 2.2968 0.443357477 2
Abadeh 3.3652 1.7551 0.342770669 8
Fasa 3.5149 1.5968 0.312381858 11
Kazerun 3.4869 1.6178 0.3169279 10
Shiraz 3.4436 1.7826 0.341081896 7
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Table 21. Results of the three ranking methods

. . . . . Ranking with
City Ranking with DEA Ranking with AHP FTOPSIS
Izadkhast 2 1 1
Estahban 5 6 5
Safashahr 8 2 4
Firuzabad 13 8 13
Eghlid 7 7 6
Neyriz 12 9 12
Sepidan 11 11 9
Arsanjan 10 4 3
Bavanat 3 3 2
Abadeh 9 10 8
Fasa 4 13 11
Kazerun 6 12 10
Shiraz 1 5 7

Table 21 shows the results obtained from
the two wvalidity assessment methods in
comparison to the results of the main method
of the study. It is clear that the results of the
three ranking methods are close to each other,
which means that they can be relied upon and
used with a higher degree of confidence. The
reason behind Shiraz being in the top rank in
the DEA method is its population criterion,
because this criterion for Shiraz is much
higher than other cities. The reason behind
Shiraz being in seventh place in the FTOPSIS
method is that in this method, wind power has
been given a “very important” preferential
value and Shiraz has a lower wind power
compared with other cities. Safashahr has
been ranked eighth in the DEA method and
second in the AHP method because the
population criterion and the distance from
power grid criterion for this city are low and
high respectively; so, in the DEA method,
where population is an output criterion and
distance is an input criterion, these value have
caused it to be ranked in eighth place, but in
the AHP method, where these criteria have a
lower preferential value compared to other
criteria, this city has been ranked second. The
reason behind the improved ranking of
Arsanjan in validity assessment is the low
value of the natural disaster criterion for this
city, because the two methods used for
validity assessment have assigned a great deal
of importance to this criterion. In the DEA
model, Fasa has been ranked fourth because
of its relatively high value for both the
population and topographical conditions
criteria. But in AHP and FTOPSIS, the wind
power criterion is much more important; so,
in these methods, Fasa has a much lower
rank. The results of validity assessment also
show that the differences in the rankings of
Izadkhast, Bavanat, Eghlid, Sepidan, and

Estahban by each of the three methods are
very low. The reason behind this similar
ranking is that values assigned to each
criterion for these cities are consistent with
the preferential values and verbal variables
assigned in the AHP and FTOPSIS models.
According to the results of the three ranking
methods, the city of Izadkhast is the best
option for the construction of wind farm,
because it holds the top rank in validity
assessment methods and second rank in the
DEA method. Therefore, changes in the
ranking of Izadkhast are very low, which
shows the stability and reliability of its rank.

8. Conclusion

Environment-friendly benefits of wind power
plants make them very desirable as an
alternative source of energy. Hence, the
determination of the optimum locations for
the use of this resource is a vital decision.
Generally, wind speed is used as a primary
tool for determining the optimum locations
for power plants. Therefore, in this approach,
some local and social considerations are
ignored. Some criteria such as geological and
geographical considerations and the involved
costs of facilities are examples of these
misunderstandings. In this research, the DEA,
AHP, and FTOPSIS approaches—which use a
set of predefined indicators—were used to
rank 13 different cities of the Fars province,
namely Izadkhast, Estahban, Eghlid, Shiraz,
Fasa, Safashahr, Bavanat, Abadeh, Arsanjan,
Kazerun, Neyriz, Sepidan, and Firuzabad, in
terms of the establishment of wind power
station. The most important findings of this
study can be summarized as follows:

1 For ranking the cities, six important
criteria—including three output criteria



Mostafa Rezaei-Shouroki / Energy Equip. Sys. / Vol. 5/No.2/ June 2017 185

of wind conditions, topographical
conditions, and population and three
input criteria of distance from
distribution grid, land price, and
probability of natural disasters—were
used for the DEA model.

The probability of three types of natural
disasters—flood, earthquake, and dust
storm—was considered for this criterion
as sub-criteria, because they impose the
risk of damaging or even destroying wind
turbines. Following the opinion of
experts, weight coefficients of 0.25, 0.25,
and 0.5 were considered for flood,
earthquake, and dust storm respectively
Bavanat and Neyriz were found to have
the least (0.569) and the most (0.668)
probability =~ of  natural  disasters,
respectively.

Weibull distribution was used for the
calculation of wind power density. It was
finally specified that Izadkhast has the
highest value of wind power among all
the cities (with value of 166.64 W/m®).
Because wind power has been given a
“very important” preferential value in
two validation methods, Izadkhast was
placed at the top of the 13 cities with
AHP and FTOPSIS.

After excluding places with trees, hills,
mountains, and tall building, Safashahr
was identified as the best city in terms of
topographic situation with 171 km’ of
suitable land, while Shiraz was detected
as the worst city with 117 km”of suitable
land.

The average of suitable distances to the
city centre in a circle with 7.5 km radius
for Neyriz was calculated to be 6.85 km;
so, this city has most distance while
Shiraz has least distance to distribution
net.

After executing the DEA model, the
ranks of five cities were specified. But
eight cities—Izadkhast, Estahban,
Safashahr, Eghlid, Bavanat, Fasa,
Kazerun, and Shiraz—attained full
efficiency score; so for ranking these
cities, the AP model was used.

The final ranks of the cities by usage of
DEA were 1- Shiraz, 2- Izadkhast, 3-
Bavanat, 4- Fasa, 5- Estahban, 6-
Kazerun, 7- Eghlid, 8- Safashahr, 9-
Abadeh, 10- Arsanjan, 11- Sepidan, 12-
Neyriz, and 13- Firuzabad.

After ranking the cities with the two
validation methods, Izadkhast was

recommended for wind farm
establishment.
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